Common Loon (Gavia immer) is considered an emblematic and ecologically important example of aquatic-dependent wildlife in North America. The northern breeding range of Common Loon has contracted over the last century as a result of habitat degradation from human disturbance and lakeshore development. We focused on the state of New Hampshire, USA, where a long-term monitoring program conducted by the Loon Preservation Committee has been collecting biological data on Common Loon since 1976. The Common Loon population in New Hampshire is distributed throughout the state across a wide range of lake-specific habitats, water quality conditions, and levels of human disturbance. We used a multiscale approach to evaluate the association of Common Loon and breeding habitat within three natural physiographic ecoregions of New Hampshire. These multiple scales reflect Common Loon-specific extents such as territories, home ranges, and lake-landscape influences. We developed ecoregional multiscale models and compared them to single-scale models to evaluate model performance in distinguishing Common Loon breeding habitat. Based on information-theoretic criteria, there is empirical support for both multiscale and single-scale models across all three ecoregions, warranting a model-averaging approach. Our results suggest that the Common Loon responds to both ecological and anthropogenic factors at multiple scales when selecting breeding sites. These multiscale models can be used to identify and prioritize the conservation of preferred nesting habitat for Common Loon populations.
INTRODUCTION
Habitat loss and alteration have been identified as major causes of endangerment for many species worldwide (Stein and Flack 1997 , Wilcove et al. 1998 , Johnson 2007 . Wildlife habitat models are important management tools for predicting species presence and identifying suitable habitat to inform conservation decisions and priorities (Scott et al. 2002 , Austin 2007 , Strauss and Biedermann 2007 . The integration of landscape and wildlife ecology has led to considerable research focused on describing the influence of landscape pattern on wildlife and how these relationships vary with scale (Thompson and McGarigal 2002 , Edwards et al. 2003 , Wu 2004 , Turner 2005 , Li et al. 2006 ). Much of this research has resulted in a more organismcentered perspective, allowing the focal species to define the scale of analysis (Garshellis 2000 , Meyer et al. 2002 , Thompson and McGarigal 2002 . Recognizing that there is no single correct spatial scale at which to describe species-habitat relationships, multiscale approaches provide important information about how landscape-scale processes influence observed species distribution patterns (Wiens 1989 , Riitters et al. 1997 , Graf et al. 2005 .
In avian ecology, hierarchical patterns and processes are generally believed to be common in both habitats and bird responses to habitats (Gutzwiller and Anderson 1987 , Saab 1999 , Cushman and McGarigal 2002 , 2004 , Luck 2002 , Kristan and Scott 2006 , Lawler and Edwards 2006 . A hierarchical approach is warranted and recommended for developing, evaluating, and implementing conservation plans for avian species to provide a broader understanding of avian-habitat associations within a landscape context (Saab 1999 , Freemark et al. 2002 , Earnst et al. 2006 , Thogmartin and Knutson 2007 .
Multiscale habitat association studies evaluated at a landscape scale are typically correlative, whereby habitat preferences are inferred by comparing occupied or "use" sites with randomly selected unoccupied or "nonuse" sites across a wide range of spatial scales, varying from individual nest sites to habitat selection across a heterogeneous landscape. The goal of many multiscale habitat studies is to determine how multiple scales of variation combine to produce the observed patterns of species distribution and abundance (Penhollow and Stauffer 2000 , Trocki and Paton 2006 . Scale-dependent habitat associations and avian responses to scale-dependent patterns in their habitat need to be accurately represented in habitat models to enhance the ecological relevance of these models for management and conservation applications (Graf et al. 2005 , Turner 2005 , Li et al. 2006 , Deppe and Rotenberry 2008 , Nocera et al. 2008 .
A number of multiscale habitat studies have emphasized the need to address the hierarchical structure of habitat variables that are components of other variables in a nested hierarchy (Goldstein 2003 , Battin and Lawler 2006 , Kristan and Scott 2006 , Lawler and Edwards 2006 . describes two ways in which multiple scales of variation in the environment could result in hierarchical structure in avian-habitat associations: hierarchical structure in habitat, and hierarchical responses by birds to multiple scales of variation in habitat. It is generally thought that when there is hierarchical structure in habitat variables, birdhabitat associations will reflect this hierarchical structure, and habitat models must correctly represent the avian habitat selection process . The scales at which avian population studies are conducted can be generally divided into local, landscape and regional; however, they should be ecologically relevant to the focal species.
Avian Conservation and Ecology 6(1): 4 http://www.ace-eco.org/vol6/iss1/art4/ Common Loon (Gavia immer), hereafter loon, breeds on freshwater lakes in Iceland, Greenland, and across Canada and the northern United States from early spring through autumn. Common Loon winters along both the Atlantic and Pacific coasts before returning each spring to its natal breeding lakes soon after ice-out. Loons are considered habitat specialists during the breeding season (Evers 2007) . They prefer relatively large lakes containing both shallow and deep-water areas. Loons are visual predators and feed mostly on fish, but also on amphibians and invertebrates. Water clarity is an important component of breeding habitat selection, and loons typically prefer lakes with at least 3-4 m visibility (Vermeer 1973 , McIntyre 1983 , 1988 , Blair 1992 .
Anthropogenic disturbances that affect loons on the breeding lakes include habitat degradation from shoreline development, encroachment of buildings on traditional nesting sites, decreased water clarity from erosion and surface runoff, nutrient enrichment, increased predator densities, changes in fish species composition, and increased human recreational activity (Titus and VanDruff 1981 , Heimberger et al. 1983 , Jung 1991 , Newbrey et al. 2005 , Desorbo et al. 2007 , Found et al. 2008 . Lake acidification, accidental ingestion of lead fishing tackle, and bioaccumulation of environmental contaminants such as methylmercury are other significant stressors threatening loon productivity and overall fitness (Barr 1986 , Alvo et al. 1988 , Meyer et al. 1998 , Kamman et al. 2005 , Evers et al. 2008 . Common Loon is currently listed as a threatened species in New Hampshire and Michigan and is a species of special concern in Connecticut, Idaho, Massachusetts, Montana, New York, Washington, and Wisconsin (Evers 2007 Our primary objective was to develop predictive breeding habitat suitability models for Common Loon populations in New Hampshire that include metrics of anthropogenic change and influence as explanatory factors. We hypothesized that the loon is using both ecological and anthropogenic cues when selecting breeding habitat. Our second objective was to assess the effects of scale on habitat associations for breeding loon populations and to compare efficacies of single-scale and multiscale habitat models for describing loon distributions.
METHODS

Study area
Demographic data for (Sperduto and Nichols 2004; Fig. 2) . The LPC uses these ecoregions along with an estimated maximum loon dispersal distance of 20 km (Evers 2001) to divide the New Hampshire Common Loon population into subpopulations for management purposes.
We used these three physiographic classifications as the broadest scale for analysis, with increasingly finer scales within each of the ecoregions. Multiple scales reflecting loon-specific ecologically relevant extents such as Common Loon territories, home ranges, and lake-landscape influences within each of these ecoregions were chosen for our assessment. Multiscale habitat models were developed using the occurrence (presence and absence) of breeding Common Loon on lakes within each of the ecoregions (Table 1) . Analyses were nested within the three physiographic ecoregions, with each ecoregion spanning > 160 km from north to south and ranging from approximately 40-60 km east to west (Table 1 , Fig. 2 ). 
Spatial scales
Spatial scale is described by grain size and spatial extent (Wiens 1989 (Wiens , 2002 . Grain is the resolution or minimum mapping unit of the data, whereas extent is the size of a mapped area. Grain and extent have ecological relevance for organisms, for example, the smallest size of habitat element that a species can resolve (Freemark et al. 2002) . We used a lake-landscape context to characterize the spatial structure of lake variation by varying the spatial extent surrounding each lake from local to regional scale (Soranno et al. 2009 ). We examined four biologically relevant spatial scales within each ecoregion: catchment scale, riparian scale, foraging scale, and nesting scale. Catchment scale includes the landscape features influencing habitat and water quality within 500 m of a lake. Riparian scale measures landscape features within 150 m of the lake shoreline (Johnston and Shmagin 2006 , Martin and Soranno 2006 , Fraterrigo and Downing 2008 . Loon home range is limited to the breeding territory, with mean size ranging from 6-8 ha to up to 200 ha (Meyer and Woodford 1996, McIntyre and Barr 1997) , depending on lake size, territory type (whole, partial, or multiple lakes), and number of loon pairs on larger lakes. The foraging scale, or estimated home range, of breeding loons encompassed habitat features within a 500-m radius of the nest location (approximately 78 ha). The finest scale, the nesting scale, or breeding territory, measures habitat within a 150-m radius of the nest location (approximately 7 ha; Fig. 3 ). This distance was chosen because previous research demonstrated a negative relationship in chick survival with presence of lakeshore cottage development within 150 m of Common Loon nest sites (Heimberger et al. 1983, Strong and Bissonette 1989) . Features from each of these four scales were measured on lakes where loon occurrence has been monitored regularly.
Common Loon nest site locations were recorded in the field using GPS units with accuracy of at least 10 m and mapped in GIS using ArcInfo version 9.1 
Environmental variables
Based on discussions with Common Loon field experts from the LPC and on published habitat information, a suite of environmental habitat variables were considered for inclusion in a priori models to describe breeding loon habitat preferences. Twenty-one variables ( (Anderson et al. 1976 ; Table 2 ). The proportions of each land cover class and road data (1:24000 scale, 2005) were assessed within 150-and 500-m zones around each lake.
The LPC monitoring program requires a minimum of three visits to each lake during the breeding season and repeated visits to lakes over multiple years. The large size (2.7-6.3 kg) and aggressive and conspicuous territorial behavior of loons results in high detection probability (Hammond 2008) . Therefore, monitoring data were not adjusted for false absences (MacKenzie et al. 2003 , Tyre et al. 2003 , Stauffer et al. 2004 , MacKenzie 2005 . Nonnesting sites were randomly located on the 141 lakes that had been monitored multiple times over at least one decade but where loons were never observed. These verified absence lakes were at least 10 ha in size, which is generally considered a minimum for Common Loon habitat suitability (Evers 2007) . We used verified absence lakes for random non-nesting sites instead of using unoccupied portions of lakes occupied by loons to avoid violating statistical assumptions of independence and because of the loon's highly territorial behavior during the breeding season. We developed a GIS program to randomly locate a non-nesting point along an absence lake's perimeter. The program allows for the possibility that the random non-nest point may be placed on an island shoreline ( Fig. 4 ). GIS buffering tools were then used to quantify the land cover and road density within 150-and 500-m radii surrounding the nest and random non-nest locations ( Fig. 3 ). There was no overlap among nest or nonnest site locations for any of the radius regions.
The minimum distance from the nest or non-nest point location to the nearest human population center was computed to evaluate potential effects of human disturbance. This metric provides a measure of a nest's or non-nest's proximity to highdensity residential development and municipal community centers (defined by New Hampshire Department of Environmental Services 2006). Other lake-specific variables that were evaluated as indicators of human activity included total phosphorus, conductivity, and water clarity ( Table  2) . Each of these is associated with the cultural eutrophication of lakes (Johnston and Shmagin 2006, Murtagh and Pooler 2006) .
Lake occupancy appears to be spatially correlated (Piper et al. 2006 , Kuhn-Hines 2008 . Two distance metrics were developed to reflect this behavior: one was the distance to the closest lake and the other was the distance to the closest lake with Common Loon present (Table 2 , Fig. 5 ). Loons also prefer nesting in quiet, protective coves found along convoluted shorelines (Vermeer 1973 , McIntyre 1983 , 1988 . Lake perimeter and lake area were used to develop a lake shape index (shoreline development index) that describes the irregularity of the shoreline (Hutchinson 1957 , Patton 1975 , McGarigal and Marks 1995 , Meyer 2006 . Lake shape was calculated as a ratio of shore length to the circumference of a circle with the same area as the lake (Table 2 ). All GIS metrics were computed using ArcInfo version 9.1 (Environmental Systems Research Institute 2009).
Single-and multiscale habitat model development
We developed Common Loon breeding habitat suitability index (HSI) models for each spatial scale within each of the ecoregions and for all lakes combined for a set of statewide models (n = 322). Prior to model development, we screened explanatory variables within each spatial scale for strong correlations because multicollinearity of independent explanatory variables can cause problems in logistic regression models (Menard 2002) . Explanatory variables used to build the single and multiscale models were checked for multicollinearity using Pearson's correlation matrix and variance inflation factors (VIFs). We included only covariates that were not highly correlated (| r | < 0.6) and made sure that explanatory variables displayed VIFs < 10 (Graham 2003 , O'Brien 2007 ; Table 2 ).
We used an information theoretic approach for model development and assessment. We followed the common practice of developing a general global model, i.e., the most complex model of the set of plausible models, using logistic regression and maximum likelihood estimation, to describe loon nesting habitat at the broadest scale (statewide) and for each ecoregion, and then creating alternative models as nested subsets of the global model (Burnham and Anderson 2002) . For ease of model interpretation and application, we modeled only additive terms and did not consider interaction terms. We then used various criteria to select the most parsimonious models based on nested subsets of the habitat variables in the global model that were associated with nesting territories at each scale. The model-fitting statistics included results from maximum likelihood analyses such as the deviance (−2logL) and the max-rescaled R² for each of the competing models (Agresti 1996, Hosmer and Lemeshow 2000) . Max-rescaled R² is a likelihoodbased measure of the strength of association between the dichotomous dependent variable (e.g., Common Loon nest presence) and the explanatory variables (Cox and Snell 1989 , Estrella 1998 , Heinz et al. 2005 .
The corrected Akaike Information Criterion for small sample size (AIC c ) was used to evaluate the relative strength of competing plausible models (Burnham and Anderson 2002) within each spatial scale within each region. An information criterion estimates the amount of information lost when using a particular model compared with other possible models. Better models lose less information (Burnham and Anderson 2002) . AIC c values can only be used to compare models when the response variable data sets are exactly the same; therefore, it is only appropriate to compare competing models Fig. 4 . Maps illustrating how, using GIS, route feature classes were generated along the perimeter of each lake so that all features of a lake, including islands, are treated as a single entity. Along each route, a randomly chosen non-nest site was located on lakes that were monitored for loons but had no loon occurrences.
within each region. The model with the lowest AIC c value of a set of candidate models is considered the best approximating model, i.e., the most parsimonious model that achieves a balance between bias and variance (Burnham and Anderson 2002) .
The explanatory variables in the best approximating models at each single spatial scale were then used to build a multiscale habitat model (Graf et al. 2005, Lawler and Edwards 2006) for each ecoregion and for a statewide multiscale model. The difference between the AIC c of a given model and the minimum AIC c of the candidate set (∆ i AIC c ) and AIC c weights, w i (the weight of evidence in favor of a given model relative to the set of candidate models), were used to rank the models within each ecoregion (Burnham and Anderson 2002, Anderson 2008) . When it is not clear which of the models from the set of candidate models is best, as measured by AIC c w i (i.e., w i > 0.9 for any given model), an information theoretic-based model average approach is warranted. In this case, each of the candidate models with substantial empirical support (i.e., ∆ i AIC c ≤ 2) was weighted by its Akaike weight and combined into a single, averaged model by generating weighted parameter estimates (i.e., parameter estimate multiplied by w i and then summed across all models) for each parameter, making an "averaged" prediction from the combined model (Burnham and Anderson 2002, Hollister et al. 2008) . Parameter estimates obtained by model averaging reduce model selection bias and account for model selection uncertainty (Johnson and Omland 2004) .
We used odds ratios to examine the magnitude of the effect of an explanatory variable on the probability of Common Loon nest presence at fixed values of other variables. The odds ratio represents the change in odds of observing loon nest presence for a unit change in the explanatory variable. The odds ratio of an explanatory variable is calculated as e (b × unit change) , where b is the parameter's coefficient in the multivariable model, and the test of whether b > 0 is equivalent to testing whether the confidence interval of the odds ratio crosses 1.0 (Earnst et al. 2006 ).
Once the most parsimonious models for each data set were chosen, we used classification tables to assess the accuracy of habitat models (Fielding and Avian Conservation and Ecology 6(1): 4 http://www.ace-eco.org/vol6/iss1/art4/ Fig. 5 . Development of minimum Euclidian distance measured from the edge of a lake to the edge of the nearest lake with and without loons using GIS.
Bell 1997). The area under the curve statistic (AUC) was derived from the receiver operating characteristics (ROC) curve and was calculated for each model as an additional measure of model performance. AUC values range from 0.5 (scores for presence/absence do not differ: poor classifier) to 1.0 (complete distinction of presence from absence: perfect classifier). For example, an AUC of 0.88 means that a randomly chosen case from the presence group will have a greater classifier score than a random selection from the absence group with a probability of 0.88 (Fielding and Bell 1997 , Graf et al. 2005 , Hames et al. 2006 .
Residual analyses of the final fitted models were used to test for spatial autocorrelation using the Moran's Index method (Moran 1950, Fortin and Dale 2005) . The Pearson residuals from the fitted probability (HSI) for each lake and its geographic coordinates were used to assess spatial autocorrelation in the final models. Statistical analyses were performed using the software packages SAS 9.1 (SAS Institute Inc. 2003), SPSS 12.0 (SPSS Inc. 1999) and GS+ Geostatistics for Environmental Sciences (Gamma Design Software 2001).
RESULTS
Comparing general summary statistics for Common
Loon presence and absence at lakes across the entire state of New Hampshire highlighted variables associated with loon habitat preferences (Table 2) . Loons were found on lakes that were larger, deeper, and clearer, with more islands, and shoreline perimeter closer to nearby lakes inhabited by other loons. Loons also selected lakes with reduced conductivity and total phosphorus, higher pH, at higher elevations with lower flushing rates, and further away from human community centers. Land cover within the 150-m zone surrounding each lake with loon nests was less developed and cleared; had lower road density, less agricultural land, forest, and wetland; and contained more open water compared to the land cover surrounding the random non-nest site locations (Table 2) .
Ecoregional models
The three physiographic ecoregions of New Hampshire differed in landscape composition for a number of the measured habitat types. Most notably, Avian Conservation and Ecology 6(1): 4 http://www.ace-eco.org/vol6/iss1/art4/ there was a higher proportion of human-altered landscape in the two ecoregions south of the White Mountains (ecoregions 2 and 3, Fig. 6 ). These two southern ecoregions have lakes surrounded by greater areas of developed land and higher road density, with higher measured values for conductivity and total phosphorous, and closer to human population centers (high-density residential areas and municipal community centers; Table 3 , Fig. 6 ). Lakes in the Northern White Mountain ecoregion are found at higher elevations on average with greater areas of surrounding forested and wetland habitat, far from human population centers. The southwestern ecoregion, New Hampshire-Vermont Upland, has greater areas of agricultural land and smaller lakes on average, distinguishing this ecoregion from the other two. The southeastern ecoregion, Southern New England Coastal Hills and Plain, has more open water surrounding the lakes, larger and deeper lakes with more shoreline perimeter, and more islands per lake on average compared to the two other ecoregions (Table 3) .
The best approximating model designation within each data set has the highest AIC c weight, highest max-rescaled R², and highest AUC classification value. For ecoregions 1 and 3, the multiscale models had the highest AIC c weights and highest maxrescaled R² values compared to each of the single scale models within each respective ecoregion, suggesting that breeding habitat selection by loons is occurring at multiple scales. It is important to note that in the Northern White Mountain ecoregion (ecoregion 1), all five models (the four single-scale models and the multiscale model) have substantial empirical support (i.e., ∆ i AIC c ≤ 2), warranting a multimodel inference or model averaging approach, especially when a particular parameter (i.e., lake size) occurs in many of the candidate models (Burnham and Anderson 2002) . This is also relevant for the models in the Southern New England Coastal Hills and Plain ecoregion (ecoregion 3), where all four of the single-scale models have many parameters in common. Therefore, model averaging was performed for all of the candidate models in ecoregion 1 and for the two highest ranking models in ecoregion 3 by weighting each model by its Akaike weight and combining into a composite averaged model for each of these ecoregions (Tables 4 and 5, respectively).
In ecoregion 2 (New Hampshire-Vermont Upland), the best approximating model was the model measured at the catchment scale (landscape features within 500 m of a lake). However, the multiscale model also had substantial empirical support. Thus, model averaging was performed with these two models to produce a composite averaged model for ecoregion 2 (Table 6) .
Statewide models
The statewide models had a number of habitat characteristics in common describing breeding loon preferences at each scale: positive associations with distance to human population centers, water clarity, elevation, and lake size, and negative associations with road density and distance to nearby lakes with loon presence. The most parsimonious and best approximating model was the single riparian-scale model developed with environmental variables measured within the 150-m zone of the lake (model 22, Table 7 ). This model describes loon preferences for clearer lakes nearby other lakes with loons, at higher elevations, with less surrounding road density, and further from human population centers.
Notably, this was the only model within the statewide model set that contained the explanatory variable islands, and the only model with substantial empirical support based on information-theoretic statistics (∆AIC c ≤ 2; Burnham and Anderson 2002) .
It is important to note that all of the final models across all three ecoregions, including the statewide models, achieved a high level of overall accuracy based on AUC values, which ranged from 0.914 to 0.989, indicating that all of these models predict loon nest presence fairly well. The residuals of the best approximating single-scale and multiscale models showed no significant spatial correlation based on the Moran's Index scores. Given the weak spatial dependence of the residuals, we did not further investigate spatial autocorrelation.
DISCUSSION
General habitat suitability model for Common Loon
Based on information-theoretic statistics, the best approximating model among the statewide models is the single lake scale model describing the environment immediately surrounding the lake within a 150-m riparian buffer zone. Overall optimal breeding habitat for Common Loon across New Hampshire was identified as having the following Avian Conservation and Ecology 6(1): 4 http://www.ace-eco.org/vol6/iss1/art4/ Fig. 6 . Proportion of developed land cover composition within 150-and 500-m zones surrounding lakes within each ecoregion. Blue diamond = 25% quartile, red square = minimum value, green triangle = median value, purple x = maximum value, blue star = 75% quartile. characteristics: clear, higher elevation lakes with islands; further away from human population centers; with lower surrounding road densities; and with nearby lakes occupied by other loons. Water clarity has long been associated with loon habitat preference, and our results are consistent with previous studies (Vermeer 1973 , McIntyre 1983 , 1988 , Blair 1992 , Meyer 2006 . The significance of the minimum-distance-to-nearest-lake-with-loonpresence metric supports anecdotal observations and published research describing loon natal dispersal. This biotic interaction metric describes the philopatric and conspecific attraction loons display and reveals the importance of the spatial configuration of lakes in the selection of loon breeding habitat (Strong et al. 1987 , Evers 2001 , Piper et al. 2006 .
The unique habitat feature that distinguishes the best model among the statewide models is the explanatory variable islands, which indicates highquality breeding habitat for loons (Vermeer 1973 , Jung 1991 , McIntyre and Barr 1997 , Piper et al. 2006 , Evers 2007 . Based on odds ratio estimates, islands and lake clarity were the most important factors distinguishing loon breeding habitat for the statewide data set (Table 8 ). The best statewide model also describes loon preferences for open water surrounding the lake (e.g., hydrological connectivity). Earnst et al. (2006) also found that Yellow-billed Loon in northern Alaska select breeding habitat based on landscape-scale features such as hydrological connectivity. The explanatory variable minimum-distance-to-human-populationcenter was featured at every scale in the statewide models, providing evidence that loons prefer to situate nests on lakes further from human disturbance. A lake habitat selection study for waterbirds in Canada also found that loons prefer lakes that are farther from human activity or have more forested land within a 500-m zone (Found et al. 2008 ).
Effects of scale on Common Loon habitat associations
Another of our objectives was to investigate whether Common Loon selects breeding habitat at multiple scales and to determine which scales are most important. Using information theoretic statistics, the multiscale models for two of the three ecoregions were designated the best approximating models and had substantial empirical support in all three ecoregions. Distinct differences are apparent when comparing models across ecoregions (Tables 4, 5, and 6) . Loons in New Hampshire appear to be selecting breeding habitat differently based on physiographic ecoregion and at multiple scales. These differences may be a reflection of the occurrence of different environmental conditions and ranges of variables in the three different regions.
In the Northern White Mountain ecoregion, loons are selecting breeding territories on the basis of lake size and the amount of open water surrounding the nest (e.g., island nest sites). In this ecoregion, there was no distinction between loon presence and absence lakes based on human-altered variables such as road density and developed land or water quality variables associated with human activities. The Northern White Mountain ecoregion has lower road densities surrounding the lakes and a less human-dominated landscape in general. Therefore, the loons' apparent selection based on a few lake morphological factors may be more a reflection of the general environmental conditions and lack of human-altered variables to select against. It is also interesting to note that loons in this northern ecoregion do not appear to be using the presence of other loons on nearby lakes as a habitat selection factor, as is the case in the two more southerly ecoregions.
The results for the Northern White Mountain ecoregion suggest that prior to human alteration of the landscape, loons may have chosen breeding habitat based primarily on lake morphological factors such as lake size and the amount of open water surrounding the nest. The catchment, riparian, foraging, and nest scale-based models within the Northern White Mountain ecoregion include information describing the selection of loon breeding habitat (Table 4 ). Three of these final fitted single-scale models had explanatory variables in common (i.e., lake size) and were combined in the multiscale model for this ecoregion to determine the best approximating model, given the data set, based on the model probability Akaike weights w i (Table  4 ). However, using evidence ratios (Burnham and Anderson 2002) to compare the two best models, the best model (model 1) has only 1.9 times the weight of evidence relative to the second-best model (model 4). This relatively weak support for any of the models being the best model suggests that these models are good candidates for model averaging or multimodel inference. Model averaging increases parameter estimate precision and reduces bias associated with model selection, especially when all of the models have substantial support and are closely related, as in ecoregion 1.
In the southwestern New Hampshire-Vermont Upland, loons appear to be avoiding human-altered landscapes such as those with high road density and greater areas of agriculture ( Table 6 ); the only other model that has substantial empirical support for describing this data set is the multiscale model (model 8, Table 6 ). The catchment-scale model differs from the multiscale model by identifying positive associations of loons with pH (an indicator of fish/prey habitat) and lake elevation, and a negative association of loons with agricultural land within 500 m of the lake. Instead of relying on a single best model for this ecoregion, we used model averaging to combine these two highest ranking models to obtain robust estimates of model parameters, reduce model selection bias, and account for model selection uncertainty (Johnson and Omland 2004) . Based on the model averaged results and using odds ratios to identify influential factors in this region, islands, pH, and water clarity appear to be the most influential habitat features (Table 8) .
Loons in the southeastern Southern New England Coastal Hills and Plain appear to be selecting breeding habitat similarly across all scales based on a few key elements: larger lakes at increasing elevations with lower levels of phosphorous nearby other lakes with loons (Table 5 ). Other studies have found that loons avoid lakes with higher phosphorous and primary productivity (Blair 1992) , which can reduce water clarity. Total phosphorus, which is associated with anthropogenic activities, appears to be an important avoidance factor for loons selecting breeding habitat at multiple scales, based on the multiscale and nesting-scale models, which are the two highest-ranking models for this region. The two most influential factors in this region appear to be lake size and water clarity based on odds ratio estimates (Table 8 ).
The natural arrangement of lakes in New Hampshire, especially in the southeastern portion of the state (referred to as the Lakes Region), is of particular concern because this area has the fastest rate of human population change in New Hampshire. 
CONCLUSION
Our results support the increasing evidence for multiscale habitat associations most commonly found in avian species (Gutzwiller and Anderson Wiens et al. 1987 , Saab 1999 , Meyer et al. 2002 , Graf et al. 2005 , Lawler and Edwards 2006 , Thogmartin 2007 . The multiscale models within each ecoregion have substantial empirical support in describing breeding habitat, suggesting that Common Loon in New Hampshire is responding to environmental cues at scales ranging from broad catchment to finer riparian areas surrounding lakes as well as within lakes at the nesting scale. Loons also appear to be selecting habitat differently across the ecoregions based on the varying landscape conditions they encounter across New Hampshire. This differential selection of breeding habitat across ecoregions provides information for prioritizing conservation and focusing management efforts in New Hampshire. Conservation efforts in the northern ecoregion should be focused on preserving the relatively lower levels of human activity and disturbance pressures surrounding these northern lakes by preventing increases in road density and construction near lakes, especially within the immediate shoreline of larger lakes. Loon conservation and management activities in the two southern ecoregions should focus on reducing the effects of already existing human disturbances on water quality by mitigating sources of phosphorous that can also directly affect clarity. Other activities in these regions should include the prioritization for protection of highquality nesting habitat such as small islands and undisturbed areas of lakes, and preventing development in critical loon habitat. Our results suggest that conservation strategies for Common Loon should also consider environmental influences beyond the immediate lake or riparian scale, as the analysis demonstrates that loons are also responding to landscape-level and catchmentscale conditions surrounding lakes.
Responses to this article can be read online at: http://www.ace-eco.org/vol6/iss1/art4/responses/
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